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NEW METHODS AND REAGENTS IN  ORGANIC SYNTHESIS. 1 1 .  

REACTION OF TRIMETHYLSILYLDIAZOMETHANE WITH AROMATIC ALDEHYDES 
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Abstract--Trimethylsilyldiazomethane adds to aromatic aldehydes in the 

presence of triethylamine in methanolic solution to give epoxides and 

homologous compounds. 

We have already proposed the use of trimethylsilyldiazomethane(TMSCHN2) as a stable 

and safe substitute for highly toxic and explosive diazomethane in the homologation 

of ketones1 as well as carboxylic acids.' ~lthough various ketones smoothly react 

with TMSCHNZ in the presence of boron trifluoride etherate to give homologated 

ketones,' the reaction of aromatic aldehydes with TMSCHN'~ under similar reaction 

conditions has resulted in the formation of a complicated mixture of products. 

Further investigations along this line, however, have revealed that TMSCHNZ reacts 

with aromatic aldehydes in the presence of triethylamine in methanolic solution to 

give epoxides L a n d  2 and homologous compounds 3-5. The products depend on the 

solvent and on the substituents in the aromatic ring. 



4 .  Treatment of 2-nitrobenzaldehyde with TMSCHNZ in methanol-hexane(l:19) containing 

triethylamine at room temperature with protection of light gave the silylepoxide 

and the epoxide 3 after a separation on a silica gel column. The increase - 
of the methanol content in the reaction solvent accelerated the reaction rate with 

decreasing the yield of $but increasing the yield of 3. Since &could not be 

converted to 2 by the treatment with methanol or silica gel, &was not produced 

from la. On the other hand, TMSCHNZ reacted with tetradeuteriomethanol to generate - 
a gas, and the yellow color of TMSCHN2 was decolorized. After 5 h, the methine 

proton of TMSCHN2 at 2.80 ppm in its nmr spectrum completely disappeared. Thus, 

the actual reaction species in the solvent containing methanol will be a mixture 

of TMSCHNZ and diazomethane derived by the action of TMSCHNZ with methanol.' Re- 

action of 2-nitrobenzaldehyde with diazomethane will give the epoxide $.' The 

ratio of TMSCHNZ and diazomethane generated depends on the solvent used and the 

content of methanol. The increase of the polarity of the co-solvent decreases the 

ratio of la to 2, as shown in Table 1. A small amount of 2-nitro ace top hen one(^) .., 
was also formed in some cases. 

Table 1. 

Me3SiCHN2(2 eq) 

CHO Et3N(2 eq) CH-CH-SiMe3 COMe 
\ 1 

room temperature la 0 - 2a - 3a - 
Reaction Conditions Yield of Products, % 

Solvent Time, h la - 2a - 3a .-., 
MeOH-Hexane(l:19) 43 54 18 . 

MeOH-Hexane(l:4) 27 39 34 5 

MeOH-Hexane(1:l) 3 trace 7 2 8 

MeOH-Ben~ene(l:4)~ 25 44 13 - b 
MeOH-CH2C12(1 :4) a*C 29 46 26 - 
MeOH-Et20(1 :4) 2 6 14 52 ad 

a: 1.5 Eq. of TMSCHNZ was used. 

b: The starting aldehyde was recovered in 19 % yield. 

c: 1.5 Eq. of triethylamine was used. 

d: The starting aldehyde was recovered in 7 % yield. 
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8 3-Nitrobenzaldehyde has been reported to give 3-nitroacetophenone(~1 in 30 % 

yield by the reaction with diazomethane in methanol-diethyl ether. But the re- 

action with TMSCHN2 under similar reaction conditions to the above in methanol- 

methylene chloride(l:4) afforded the silylepoxide 2' in 24.5 % yield, the epoxide 

2b in 19 % yield, and 3-nitro ace top hen one(^ in 25 % yield. 
d 

QJ NO2 Me3SiCHN2(1.5 eq) $""' + VNo2 + vNo2 
Et3N(1.5 eq) \ \ \ 

CHO MeOH-CH7C1,(1:4) CH-CH-SiMe? C,H-VH:, COMe - - \ I - 
room temp., 25 h 0 '0' - 

I b - 2b 
d 5 

The reaction of piperonal with TMSCHN2 in methanolic solution furnished the homolo- 

gous ketones 2 and & and the epoxide z, but no epoxides as Land Lwere obtained, 
as shown in Table 2. Presumably, the electron-donating substituent in the aromatic 

nucleus will retard the reaction with TMSCHN2 which may have a lower nucleophilicity 

than diazomethane. Hence, TMSCHN2 will react first with methanol and then the 

generated diazomethane will add to piperonal, the result of which is quite similar 

to the reported result1' on the reaction of piperonal with diazomethane in methanol- 

diethyl ether. In the case of the reaction with TMSCHN2, however, it should be 

noted that triethylamine as well as methanol is essential to conduct the reaction. 

Reaction Conditions Yield of Products. % 

Solvent Time, h 2.5 % - 5c 

MeOH-CH2C12(1:4) 24 17 34 14 

MeOH-Et20(l:5) 24 19 3 7 9 

MeOH-Et20 10 2-4 daysa 7 21 7 

a: The reaction was carried out at -15". 

Finally, benzaldehyde afforaed a mixture of z(12 % ) ,  d(15 $1, s(37 % ) ,  and 

(12 % )  under similar reaction conditions. 



CHO Me3SiCHN2 (1.5 eq) 0 ---+ Et3N(1.5 eq) 

MeOH-CH2C12(1:4) 

room temp. , 16 h 

Intermediates of the above reactions will be depicted as the general formula ft3 in 
the Scheme 1. The betaine Awill easily lose nitrogen, followed by the intra- 

molecular attack with (a)  the oxygen anion, (b) the hydride, or LC) the aryl group 

to give the epoxidez. the ketone S, or the aldehyde?, respectively. The aldehyde 

D will be further transformed with diazomethane to give the ketone %and/or the 
d 

epoxide 2. The electron-donating function in the aromatic nucleus as the methylene- 

dioxy function of piperonal will facilitate the 1.2-shift of the aromatic ring as 

shown by the arrow c. On the contrary, the electron-withdrawing function as the 

nitro function will favor the attack of the oxygen anion as shown by the arrow a. 

Furthermore, even if the M-trimethylsilyl derivatives of the ketone L o r  the 

aldehyde >will be once formed, they will be easily transformed to the ketone CJR= 

H) or the aldehyde ~(RSH) by the action of methanol or the aqueous work-up after 

the reaction. 
H R 

Scheme 1. 

(R=MejSi o r  H )  

A r -C-C-H  C ,.. B A 

Thus. the reaction of aromatic aldehydes with TMSCHNZ under the co-existence of 

methanol and triethylamine will be of great mechanistic interest though it may be 

of little preparative value. 
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